The potential energy surfaces of 152 Sm and its neighboring isotopes are investigated in a constrained reflection-asymmetric relativistic mean-field approach with parameter set PK1. According to the calculations, 152 Sm has a quadrupole-deformed minimum and an octupole-deformed minimum with similar energies. The low-lying 0 + states in the spectrum can be understood as the manifestation of shape coexistence in (β 2 , β 3 ) plane. Furthermore, the neutron gap with N = 88 and proton gaps with Z = 62 in the single-particle levels may be important for this coexistence.
around the neutron-deficient Kr and Sr have been considered as the most favorable candidates for the presence of shape coexistence. For an even-even nucleus, the presence of low-lying 0 + states in the spectrum is usually interpreted as the manifestation of shape coexistence.
1 Various theoretical models using Nilsson-Strutinsky approach, 2 improved microscopic-macroscopic model, 3 self-consistent non-relativistic mean-field models 4,5 as well as relativistic models 6 confirm the presence of oblate and prolate minima in the deformation energy surfaces of some light Kr, Sr, and Zr isotopes. Particularly for 82 Sr, the experimental bands are interpreted to have prolate, oblate, or triaxial shapes by the Woods-Saxon cranking calculations with pairing. 7 The single-particle levels of the underlying mean field, especially near the nucleon number N = 40, may play important roles for such phenomenon.
8
For heavier nuclei, it is shown that 152 Sm and other N = 90 isotones are the empirical examples of the analytic description of nuclei at the criticalpoint of the first-order shape/phase transition between spherical U (5) and axially deformed SU (3) shapes.
9-11 More references can be found in Ref. 12, 13 .
Interestingly, 152 Sm lies around one of the regions with strong octupole correlations. Such regions correspond to either the proton or neutron numbers close to 34 (1g 9/2 ↔ 2p 3/2 coupling), 56 (1h 11/2 ↔ 2d 5/2 coupling), 88 (1i 13/2 ↔ 2f 7/2 coupling), and 134 (1j 15/2 ↔ 2g 9/2 coupling).
14 A variety of approaches have been applied to investigate the role of octupole degree of freedom in Sm and neighboring nuclear region.
15-17
Recently, a new K π = 0 − octupole excitation band for 152 Sm is observed and a pattern of repeating excitations built on the 0 + 2 level similar to those built on the ground state emerges. 18 It is suggested that 152 Sm, rather than a critical-point nucleus, is a complex example of shape coexistence.
18
Based on the bands, it is timely and necessary to investigate the Sm isotopes in a microscopic and self-consistent approach with the octupole degree of freedom. The newly-developed Reflection-ASymmetric Relativistic Mean-Field (RAS-RMF) approach is a good candidate for this purpose, 19 considering the remarkable success of RMF theory [20] [21] [22] in describing many nuclear phenomena related to stable nuclei, exotic nuclei as well as supernova and neutron stars. Recently, the RAS-RMF approach is applied to the well-known octupole deformed nucleus 226 Ra, 19 La isotopes, 23 Sm isotopes, 13 Ba isotopes, 24 and Th isotopes. 25 By investigating the potential energy surfaces of even-even 146−156 Sm isotopes, it is suggested that the critical-point candidate nucleus
152 Sm marks the shape/phase transi-tion not only from U (5) to SU (3) symmetry, but also from the octupole deformed ground state in 150 Sm to quadrupole deformed ground state in 154 Sm.
13
In this proceeding, we will investigate the possible shape coexistence of quadrupole-deformed shape and octupole-deformed shape in 152 Sm. The single-particle levels will also be discussed.
The framework of the RAS-RMF approach can be found in Ref. 13 and references therein.
The properties of 152 Sm and its neighboring isotopes are calculated in the constrained RAS-RMF approach with parameter set PK1. 26 The parameter set PK1 is one of the best parameter sets available. The TCHO basis with 16 major shells for both fermions and bosons is used. The pairing correlation is treated by the BCS approximation with a constant pairing gap ∆ = 11. is quite close to the experimental value β exp 2 = 0.31. 28 It is clear that the region near the quadrupole minimum is soft, e.g., for parameter set PK1, the energy difference between two minima is 0.35 MeV with a 0.5 MeV barrier in between. After including the octupole degree of freedom, 152 Sm marks the shape/phase transition from the octupole deformed to quadrupole deformed case.
For 152 Sm, the pattern of repeating excitations discovered in Ref. 18 can be well understood from the PES obtained above. For the octupole minimum and the quadrupole minimum with PK1, if one performs the Generator Coordinate Method (GCM) 30, 31 calculation with the PES, two lowlying states in the (β 2 ,β 3 ) plane with similar quadrupole deformation will be obtained, which are mixture of quadrupole and octupole deformation configurations. Based on these two states, the pattern of repeating excitations is expected. As mentioned in the introduction, such low-lying 0 + states in the spectrum is usually interpreted as the manifestation of shape coexistence.
1 Based on our calculations, the quadrupole-deformed shape may coexist with the octupole-deformed shape.
With the octupole degree of freedom, a large energy gap with N = 88 near the Fermi surface for the neutron single-particle levels can be found while no obvious gaps near the Fermi surfaces can be found for protons.
To understand the possible shape coexistence, the single-particle levels in 152 Sm for the states between the minima 152 Sm min2 and 152 Sm min1 are shown in Fig. 2 (β 3 ̸ = 0), the last two neutrons fully occupied the level above N = 88. Such gaps may be the clue for the shape coexistence. In this proceeding, the potential energy surfaces of 152 Sm and its neighboring isotopes are obtained in (β 2 , β 3 ) plane by the constrained RAS-RMF approach with parameter set PK1. Two minima exist for 152 Sm: one octupole-deformed with (β 2 , β 3 )=(0.21,0.17), the other quadrupoledeformed with (β 2 , β 3 )=(0.29, 0). The low-lying 0 + states in the spectrum can be understood as the manifestation of shape coexistence in (β 2 , β 3 ) plane. For the single-particle levels, the neutron gap of nearly 
